ABSTRACT Research and regulation of tree growth at molecular level is a new trend in the development of forest biotechnology. However, as the limitations of wood as a research material, it is difficult to operate and compare the growth cycle in the laboratory, which greatly hinders study of the molecular biology of forest trees. Arabidopsis thaliana is the most important model plant in botanical research and is an excellent material for plant molecular biology research. Recent studies have shown that herbaceous Arabidopsis can not only provide genetic resources for tree molecular breeding but also can be used as an auxiliary means of wood molecular biology research and even can be directly used as an experimental model for the study of the molecular mechanism of tree development. This paper mainly discusses the establishment process of the tree molecular gene system platform under the background of the Internet of Things and studies the molecular genome of Arabidopsis, combining the characteristics of the tree itself and using the diversity of the frequency of different bases in the gene fragment to cluster the tree molecular genome, which is a molecular biology research and provides an important way of thinking.
I. INTRODUCTION
Trees are the most important life forms of terrestrial ecosystems on the earth. Their unique physiological structures and functions have provided a large amount of industrial raw materials, food and energy for the human society while creating a suitable ecological environment. With the increase of population and the improvement of living standards, the demand for the quality and quantity of wood and other forest products is increasing day by day. At the same time, it also pays more attention to the adjustment function of forest resources in the ecological environment. These demands have promoted the rapid development of forest biotechnology. At present, the research on the tree genome is developing rapidly. Now the Linkage genetic map of more than 40 tree species has been used for genome comparison and joint mapping [1] . The whole genome of poplar has been sequenced, the whole genome of Eucalyptus is being sequenced, and the density of early forest genetic map types is not high. The tag type is mainly a simple RAPD (Random amplified polymorphic DNA) Tagged and common RFLP (restrictive fragment length polymorphism). In recent years, with the development of tree SSR (simple sequence repeat) markers, EST (expressed sequence tag) data accumulated continuously, functional gene cloning, SSR, EST and candidate genes were widely used in the construction of forest genetic map.
Forest biological technology is not only increasing at a rapid pace, but also the research level has been greatly improved. It has gradually begun to study and control the growth and development of forest trees from the molecular level. However, as the limitations of forest as research materials, it is still difficult to clarify the regulation of genetic regulation of tree development by using forest wood materials under existing conditions. For example, the trees are usually large, which brings many inconvenience to the experimental research; the growth cycle of the trees is longer and the breeding of the offspring is time-consuming and laborious; the genome of the trees is larger in the plants. Poplar tree is known as the model plant in the forest. It has many advantages for molecular biology research, such as large genetic diversity among different species, fast growth and being easy to establish permanent mapping population, easy to carry out genetic transformation, the genome is the smallest of known trees (about 550Mbp), but the poplar as a forest tree. There are still many problems in the study of molecular biology. The poplar is male and female, and the recombined inbred line and the near isogenic line cannot be established by self and backcross. Compared with many herbaceous plants, the flowering time of poplar is too long.
Early in the early 1990s, some scientists engaged in forest biotechnology research realized that, because of the too slow growth of trees to be difficult to carry out experimental treatment. Even with a first-class research team, it can only reach the level of ordinary research compared with general botany research. Therefore, they spent a lot of manpower and material resources on the research of Arabidopsis thaliana in order to cultivate scientific research team and develop research ideas. It is mainly reflected in the molecular mechanism of forest wood quality formation, growth and dormancy and the functional genomics research of forest trees. Franke et al. [2] studied the mutants of Arabidopsis thaliana and screened 34 genes related to lignin monomer synthesis by analyzing the whole genome and EST information of Arabidopsis thaliana; Lorenzo et al. [3] used Arabidopsis thaliana to genetically validate related genes isolated from tree species to analyze the death process of xylem cell programs; Bagnall et al. [4] studied the flowering of Arabidopsis thaliana, and found that phyA and phyB, as well as the time of illumination could affect the flowering phenomenon. With continuous research and accumulation, scientists have found that the important role of Arabidopsis in the study of forest molecular biology, even the unique phenomena such as the development and dormancy of secondary xylem, can be found from the Arabidopsis. The study of more than 10 years shows that the Arabidopsis thaliana can not only provide genetic resources for tree molecular breeding, but also can be used as an auxiliary means for the study of the molecular biology of forest trees, and even can be directly used as an experimental model for the study of the molecular mechanism of tree development [5] . By comparing the genomes of different forest species, we can provide an effective means to explore the genome structure and evolution mechanism of related species [6] . At present, the comparative study of genome is mostly carried out by Poplar and Arabidopsis thaliana [7] .
Nowadays, the Internet of Things (IOT) technology is developing rapidly, and it has gradually realized the ''interconnection of all things'' [8] , [9] . However, the research on forest trees mainly stays at the macro level of species, morphology, quantity and growth environment [10] . The information about molecular genome of IOT is not perfect at present [11] , [12] . Therefore, it is of great practical significance to study the Internet of Things (IOT) information of forest trees from the level of molecular genome [13] . Combining the forest molecular genes with the Internet of Things can not only make the forest gene information management model more advanced, efficient and practical, but also provide the data base for the follow-up forest research, realize the data sharing and promote the development process of forest gene research [14] . Therefore, this paper focuses on the important value of Arabidopsis in the study of the unique physiological laws of forest trees, and puts forward some views on how to give full play to the advantages of the Arabidopsis model.
In this paper, the ZigBee sensor network is used to collect the forest genomic data information and growth environment information. With this system, the genomic information can be better classified and sorted, which has important research significance for solving the massive data acquisition problem in genomic research. At the same time, real-time control and detection of forest growth environment can be realized, and the optimization and growth of forest genes can be promoted.
II. STUDY ON THE MOLECULAR MECHANISM OF ARABIDOPSIS TREES
The xylem of the plant consists of the primary xylem and the secondary xylem, and the wood is mainly the secondary xylem of the wood, and the development of the secondary xylem is one of the important characteristics of the trees. The development of wood xylem is usually traced back to the formation of the vascular bundle formation, then the division and extension of the formation layer cells, the deposition of the secondary cell wall, and the final programmed cell death. In recent years, scientists have made important progress in the functional study of genes involved in xylem formation in the model plant Arabidopsis.
A. THE SUPERIORITY OF ARABIDOPSIS THALIANA
As a model organism, Arabidopsis mainly has the following advantages [15] :
Firstly, the Arabidopsis genome is the smallest in common plant models, with a total of about 157 million bases, about one-eighth that of wheat. Arabidopsis has very few chromosomes, with only five pairs of homologous chromosomes. These characteristics are very beneficial to map cloning of genes [16] . As early as 2000, international cooperation completed the whole genome sequencing and analysis of Arabidopsis, and put all the information on the Arabidopsis Information Resource (TAIR) site for researchers to use, and the first completed genome in the plant. In the post genome era, a great progress has been made in the research and analysis of 27000 genes and 35000 encoding proteins of Arabidopsis thaliana. It has laid a foundation for the next step of research.
Secondly, compared with rice, wheat, corn and other crops, the Arabidopsis thaliana plants are small in size, strong in adaptability to the environment, can grow on the common MS medium, so it is very easy to cultivate in laboratory or artificial climate indoor. It has short life cycle, strong reproductive capacity, and greatly saves the experiment time. These characteristics make Arabidopsis as a genetic research model with the incomparable advantages of other plants.
Thirdly, Arabidopsis also has some special genetic characteristics. For example, under natural conditions, Arabidopsis VOLUME 6, 2018 thaliana is a strictly closed flower pollination and highly homozygous gene that makes the mutation of the gene or other genetic features stable. On the other hand, Arabidopsis has strong mutagenicity. The methods that can be used for artificial mutagenesis of Arabidopsis include physical X-Ray, slow neutrons, chemical EMS, T-DNA insertion and so on, all of which can or have a higher mutation rate.
In addition, the relevant genetic and biochemical molecular techniques for Arabidopsis research have been relatively mature. Especially, map-based cloning and transgenic technology provide great convenience for the study of gene structure and function in Arabidopsis.
Lastly, Because Arabidopsis thaliana is widely distributed in nature and has large population, it provides abundant germplasm resources. For decades, pioneers in this field have collected and collated hundreds of Arabidopsis ecotypes and a large number of mutants through extensive work. In particular, the T-DNA inserted mutant library obtained by high throughput conversion technology has identified 300000 independent T-DNA inserts and almost all of the coded genes. Finally, the whole seedlings of Arabidopsis and the roots of the seedlings are translucent, can be observed directly under the optical microscope, and can also express the fluorescent molecular label of exogenous transformation. The details of the growth and development process are studied in real time by the fluorescence microscope.
B. STUDY OF ARABIDOPSIS THALIANA MODEL AND FUNCTIONAL GENOMICS OF FOREST TREES
At present, the method of metagenomics data classification can be roughly divided into two categories, namely, the method based on sequence similarity and the method based on sequence composition. The main principles and advantages and disadvantages are described as follows.
The method based on sequence similarity is relatively mature. The main idea of this method is to look for each short sequence as a sequence alignment method that is to be queried to find all the genomic fragments that satisfy a certain similarity in a known sequence database. If only a fragment from a genome is satisfied, this one is assigned to the genome. If multiple genomes satisfy the similarity condition at the same time, the sequence is assigned to the lowest common node of these genomes on the species classification tree [17] .
The sequence similarity method is actually equivalent to a search algorithm, taking each short sequence in the genetic data as a query, searching the database to find the most similar sequence fragments from the query to determine the source of the sequence. The maximum advantage based on the sequence similarity method is more difficult to classify the known species, and still has a good effect on the shorter sequence. But because this method is to compare with each genome in the database, and the time and space complexity of the sequence alignment algorithm itself is higher, so it often takes longer running time. For larger genetic data, it takes several days to complete the classification process. In addition, the method based on sequence similarity is very dependent on the known genome, which means that we must know the sequence of the species, or at least know the sequence of a species that is similar to that of the species. The true situation is that the number of known microbial genomes is less than the whole microbial genome, and most of the data in the new genetic experiment are derived from unknown microbes. Considering the growth rate of genetic data, the genetic data from unknown microorganisms will be more and more, and the method based on sequence similarity is difficult to meet the requirements of genetic analysis in the future.
It is different from the method based on sequence similarity. Based on the sequence composition method, the sources of short sequence are predicted by some sequence features extracted artificially, such as the GC content, the use of codon and the frequency distribution of K-means, etc. The frequency distribution using k-means is one of the most widely used feature extraction methods. The method based on sequence composition takes these artificially extracted features as the input vector of the machine learning algorithm, and uses a supervised, unsupervised, or mixed method to predict the ownership of the short sequence.
In general, the accuracy is lower than the method based on sequence similarity, but the sequence based method can effectively deal with short sequences from the unknown genome. In particular, unsupervised methods can classify short sequences without requiring any known genomic sequence information. In addition, as method consisting of sequences does not involve sequence alignment, the time and space complexity is much lower than the method based on sequence similarity. In the face of explosive growth of genetic data, the method based on composition has wider application space.
III. STUDY ON THE APPLICATION OF TREE BASED MOLECULAR GENOME BASED ON INTERNET OF THINGS
The genome research of forest trees is a problem that contains a large number of genetic data. The sequence of each gene fragment has a significant impact on the final gene information. When some key location points are disorderly, it will be difficult to find the valuable information contained in the data, so with the help of the Internet of things to forest plants. Genomic information storage and collation, visualization of data processing, has very important research value and significance.
A. THE ARCHITECTURE OF THE INTERNET OF THINGS
The Internet of things is developed on the basis of the network unlimited radio frequency identification system. It is a new technology that combines sensor and Internet. It can connect the objects into the network through infrared sensors and wireless sensors, so as to realize the intelligent management of information. Its basic characteristics can be summarized as: comprehensive perception, reliable transmission and intelligent processing. Comprehensive perception refers to the use of RFID, sensor and other sensing, capture, and measurement technology to collect and acquire data anytime and anywhere. Reliable transmission refers to the access of objects to information networks and the interaction and information sharing of reliable information anytime and anywhere. Intelligent processing refers to the use of various kinds of Intelligent Computing technology to the mass of data, resources analysis and processing [18] .
In general, the architecture of the Internet of things can be divided into 3 levels: the perception layer, the network layer and the application layer. The sensing layer uses sensors and bar code to identify the radio frequency. It mainly needs the sensing technology and hardware; the network layer is used to realize the transmission function, including the 3G network, the Internet and so on. Application layer is an important link between Internet of Things and users. It can be divided into smart agriculture, intelligent transportation, smart home and other applications according to different application objects. The framework of the Internet of things technology is shown in Figure 1 . 
B. THE SYSTEM OF ACQUIRING DATA IN THE INTERNET OF THINGS
Most of the woody plants are perennial trees, providing a large number of biomass materials for people, and has brought great commercial value. However, these plants usually have a long growth cycle, and the genome is relatively large, making it relatively difficult to direct molecular biological experiments on these plants. This requires a thorough study of model plants to analyze their common mechanisms. In recent years, with the development of advanced instruments and information technology, the advent of the era of big data has produced great fluctuations in the development of biomedicine, and the research on genes has received extensive attention. More and more molecular genetic research techniques have been developed and a large number of data are contained in the research. The major medical data include: personalized genome, transcriptional and protein research based on high throughput sequencing, single cell level genotypes and phenotypes, and human health related microbial communities Biomedical image research, etc. [19] . The large data of biomedicine has the characteristics of Figure 2 below:
These data have the characteristics of data intensive and computation intensive. The 3V features of large data research are that the data are large, and the human genome and the transcriptional sequence data of a sample will usually exceed 100 and 30GB respectively. There are high requirements for accuracy and processing speed, in which single cell sequencing, high accuracy for the identification of gene mutation points and functional modules are required, and the sources of related sources are changeable and have great variability [20] . At the same time, biomedical big data have the characteristics of 3H: high dimension, high computational complexity and high uncertainty. High throughput, high efficiency and high accuracy strategies for bioinformatics storage and analysis are urgently needed to make full use of these large data.
In this paper, the Internet of things platform was used to store and visualize tree genome data. The tree gene data collection system is mainly recorded in Table 1 and so on.
In this paper, we use the Internet of things platform to store and visualize tree genome data. The forest tree gene data acquisition system mainly needs to record a series of data such as transcription factor, base number, base type, sequence, plant hormone, and protein domain data and so on. At the same time, in order to study the relationship between gene and plant properties, the environment data of forest tree growth should be collected with the help of sensors. The data acquisition system needs to meet the following characteristics: soil temperature, wind direction and light radiation.
(1) The tree gene data acquisition system needs to automatically collect and package the collected data, then send it to the server, and then store the data by the server, and provide the user with the function of query and download.
(2) The forest tree growth environment data acquisition system can access the current type sensor for data collection, and can realize data collection of multi node and multi region, so that the collection of books can fully meet the actual growth situation of forest trees.
In view of the above situation, the frame of tree gene data acquisition system based on ZigBee technology is designed as shown in Figure 3 .
The tree gene data acquisition system can be divided into three parts in function: ZigBee wireless sensor network based on star topology, embedded system based on ARM and Linux and information management system based on Web. ARM processor is a widely used processor. It has the characteristics of high computing speed, small volume, high resolution of A/D conversion, low cost and low power consumption, and the A/D conversion resource in ARM has the advantages of fast conversion speed, high reliability and low complexity of the design, Linux operating system has the kernel. It has the advantages of small, high efficiency and stable performance. The agricultural information management system based on Web is deployed on the server, which mainly realizes two VOLUME 6, 2018 functions: communication with the ARM and Linux based lower computer system, storing data into the database, interacting with users, providing the functions of browsing and downloading the collected data.
The network topology used by ZigBee technology is mainly tree, mesh and star type. The shape of the tree topology is like a tree, and the main node is located at the top of the tree. The node is distributed from top to bottom in turn. This topology is mainly used in the network distribution scene which is far away from the main node and the target node. The shape of a network topology is like a network consisting of multiple slave nodes and multiple main nodes. It is mainly used in a network distribution scene that needs to be measured in large area. Star topology is a stellate network structure composed of one main node and multiple nodes. It is suitable for the network distribution scene, which can communicate directly from the node to the main node and need real-time monitoring. In view of the complexity and diversity of the molecular forest genes, in order to ensure the comprehensiveness and accuracy of the data collection, this paper selects the ZigBee sensor network of star topology, and the ZigBee sensor network of star topology, as shown in Figure 4 .
The network topology is composed of multiple master nodes and slave nodes, which are mainly used in the network distribution scenarios where large area measurement is needed. The master node of star topology plays a coordinating role in ZigBee wireless sensor network. The master node is the convergence node of the network and can communicate with other devices in the network through software design. The slave node uses the reduced function device (RFD), which can communicate with the master node. 
C. DATA VISUALIZATION SYSTEM OF INTERNET OF THINGS
Data visualization technology are composed of the technology of computer network graphics, image processing, and human-computer interaction, data visualization technology transforms the collected or simulated data into recognizable graphic symbols, images, or animations, and presents valuable information to the users [18] . Through visual perception, users use visual interactive tools to analyze data and acquire knowledge. The process of data visualization is shown in Figure 5 .
The basic visualization process can be divided into 4 key parts: data collection, data processing and transformation, visual mapping and user interaction. This is the process of visualization of the logistics information of a agricultural product. It is mainly through mapping data, spatial coordinates and data links to different elements of visual poetry channel. To visualize the genome of the trees, it is necessary to display the composition, species and distribution of the gene fragments through visual channels and different visual elements. There are a large number of online tools and software that can be visualized for the genetic network, such as Cytoscape, Gephi, and so on. Cytoscape is an open source code platform for visual molecular networks and biological pathways, and is now able to carry out complex network analysis and visualization, integrating genetic networks, gene annotation information, gene expression profiles and other types of data.
IV. STUDY ON FOREST MOLECULAR GENOME BASED ON CLUSTER ANALYSIS
There are tens of thousands of gene expression data in forest genome. Some genes have some similarities in function or composition. Cluster analysis is a major bioinformatics analysis method. At present, there are many problems in gene analysis, such as large number of samples and complex analysis methods. How to choose a simple and accurate method is the difficulty and emphasis of gene expression profile data analysis. At present, the Internet of Things technology is extending to various fields. With the help of the Internet of Things technology, the storage and visualization of forest environmental data and gene data can be realized, and the problems of complex data and difficult to find valuable information contained in the data in forest molecular research can be solved. Therefore, the combination of clustering analysis and Internet of Things technology can sort out the data and facilitate the follow-up research.
Although the phenotype of herbaceous plants is very different from that of woody plants, many of these boundaries can be broken from the point of view of molecular biology and genomics. Taking the molecular mechanism of forest wood formation as an example, Kirst et al. [22] carried out large-scale high quality EST sequencing and analysis of the tissue related to the formation of Loblolly pine wood. It was found that More than 90% of the 100 bp gene sequences can be found in Arabidopsis thaliana. This result is surprising because existing studies have shown that gymnosperms and angiosperms were separated 300 million years ago, but with such high genetic similarities. More strikingly, the whole genome sequence of poplar has been completely sequenced. According to recent annotation results, most of the transcription factor families of poplar are similar in size and quantity to Arabidopsis thaliana. In addition, transcription factors related to pests and diseases have more redundancy in poplars [21] .
With the development of poplar functional genomics research, it is an important subject for the research of tree genetics and breeding to make use of the achievements of the study of functional genome of Arabidopsis and the advantages of the model, and to accelerate the study of the molecular biology of the trees. We think there are at least two ideas to be adopted:
(1) Using Arabidopsis genes that have been functionally studied, especially those involved in the induction of secondary xylem, such as Arabidopsis, a large-scale search for homologous genes from poplars. Then the expression patterns of these genes in poplar were detected, which laid a foundation for further study of its function in poplar.
(2) Genes based on poplar EST sequences or genomic sequences were used to detect gene expression during the development of poplar lignification, and the genes involved in the unique development of these trees were screened. Bioinformatics was used to search the homologous gene sequences of Arabidopsis thaliana, and the corresponding Arabidopsis mutants were obtained by gene knockout to provide experimental materials for studying the effects of the homologous genes on plants as soon as possible. In the end, it provides important ideas for carrying out related functional research on poplar trees.
A. EVALUATION METHOD OF CLUSTERING EFFECT
Because different clustering methods may produce completely different clustering results, including the number of VOLUME 6, 2018 classes, the species composition in each class, and so on. We need a unified indicator to evaluate the effects of different clustering algorithms. Traditional clustering indicators include the Davies-Bould Index (DBI), F-measure [22] .
In this paper, we use three indicators to evaluate the effects of clustering, namely precision, sensitivity, and F-measure. The definition is as follows:
Suppose the data comes from N species and is finally divided into M categories, where R ij represents the number of data from the j th species in the i th class.
Precision is defined as:
Sensitivity is defined as:
F-measures defined as:
Precision represents the ratio of the sum of the number of reads of the most species in each class to the sum of the reads of all classes, reflecting the purity of each class. The sensitivity represents the ratio of the number of reads per species in the class with the most species to the total number of reads, representing the concentration of each species in all classes. F-measure comprehensively considers precision and sensitivity, which can be used to evaluate the comprehensive performance of clustering algorithms.
There are two extreme cases in clustering. One is that all samples are grouped into the same class. One is that each sample is divided into one class, and most clustering results are somewhere in between. If all the samples are divided into the same category, the distribution of each species data is very concentrated, the sensitivity will approach 1, but the precision will be low, so the overall F-measure will be lower; If all the samples are divided into a very large number of classes, and even if each sequence is divided into one class, the purity of each class will be very high, the precision will approach 1, and the sensitivity and F-measure will become extremely low. F-measure will approach 1 only if all samples from the same species are grouped into the same class and the purity of each class is high. The evaluation criteria of F-measure can be independent of the number of classes and the distribution of each class, providing a fair evaluation for different clustering results. Even if the number and distribution of the classes output by different clustering methods are different, the effect of different clustering conditions and methods can still be evaluated by the comprehensive value of precision and sensitivity F-measure.
Currently, model-based clustering methods are more efficient than non-model methods.
It is mainly based on the actual observation data to find the most suitable hybrid model, and the parameters of the hybrid model are estimated to find the optimal parameters [23] . This paper mainly compares the advantages and disadvantages of SSC method, quantitative trait association clustering method and FLAME method, and chooses a better classification method. The evaluation of clustering effect is mainly based on three indicators: sensitivity, CH index and classification accuracy.
The CH index is a statistical indicator for detecting the effect of gene distribution, specifically:
WWS is intra class distance; K is the number of gene categories; C i is expressed as Class l; n is the total number of genes. The index can reflect the differences between categories and categories. The larger the CH index, the larger the gap between categories and the better the clustering results. When FOM value is used, the method of determining the difference level of the same kind of gene is determined. The smaller the value is, the smaller the genetic difference is, and the better the clustering effect is. The FOM value in all m samples is defined as:
CCR is the percentage of the number of genes with the correct classification to the total number of genes. The larger the CCR value, the higher the classification accuracy rate and the better the clustering effect.
The above three methods were used to cluster and analyze the gene expression spectrum simulation data to obtain the corresponding CCR, CH index and FOM estimation values, as shown in Table 2 below.
The results show that compared with the CH index of SSC, association clustering and FLAME, the former has the highest arithmetic mean and the smaller standard deviation, while the FLAME method has the smaller mean and larger standard deviation.
The FOM values of the three methods are 11.15 ± 0.19, 11.10 ± 1.00, 19.61 ± 2.61, and the average and standard deviation of the former are the smallest. This shows that the intra-class difference of the SSC method is the smallest, and the difference within the FLAME method is the largest; Compared with the CCR values of the three methods, the SSC method has the largest CCR and the best clustering effect. Among the three methods, the SSC method has the smallest difference between classes. SSC has the highest classification accuracy and the best classification. Therefore, in the following experiments, we will use the SSC method for analysis.
B. BASIC IDEA OF CLUSTERING
It is different from the method based on sequence similarity. Based on the sequence composition method, the sources of short sequence are predicted by some sequence features extracted artificially, such as the CG content, the use of codon and the frequency distribution of k-mer, etc. The frequency distribution using k-mer is one of the most widely used feature extraction methods. But the simplest is the clustering method of CG content. Based on the sequence composition, these artificially extracted features are used as input vectors of the machine learning algorithm, and a supervised, unsupervised or mixed method is used to predict the attribution of the short sequence [24] .
The biggest advantage of an unsupervised approach over a supervised approach is that it can completely shed its dependence on the known genome (training set). Because of the supervised method, it is still required to use the known genome sequence to do the training set. When there is data from unknown species in the data, the accuracy of the supervised method will be greatly affected. The supervised method can avoid the dependence on the known genome and is more suitable for the study of unknown genomic sequence data. There are many ways to cluster. This paper mainly uses the simple frequency clustering method to analyze the gene fragments of poplar and Arabidopsis.
C. BASE FREQUENCY CLUSTERING EXPERIMENT
Frequency clustering is a relatively simple clustering method. The study of the genome of the tree is mainly based on the frequency of the occurrence of the base of each sequence. For example, the three adjacent frequencies of ATT or the frequency of the common CG appear, and the probability of CG in a gene fragment can largely reflect the characteristics and sources of the gene fragment. Ten gene segments were randomly selected, each containing 700 bases DATA1, DATA2, DATA3, DATA4 and DATA5 were the gene fragments of Arabidopsis, and DATA6, DATA7, DATA8, DATA9 and DATA10 were the gene fragments of poplar, see in the Table 3 .
The percentages of C, G, and CG appearing on each gene fragment were counted, and the statistical results of 700 bases were shown as follows:
From the category of base to analyze: as shown in Figure 7 , although the stability and consistency of poplars are better, the proportion of single base C in the two types of plants is equivalent, the discrimination between the two plants is not obvious, it is not suitable to be used as the standard for clustering analysis of the two kinds of plants; If the ratio of single G base is analyzed, as shown in Fig. 8 , although the ratio of the two plants is quite different, the classification effect is obvious, because the fluctuation of gene fragments is large, it cannot be used as an ideal classification standard; In view of the above two classification effects, the C+G base ratio is used as the classification standard, and the effect is better. As shown in Fig. 6 , the stability of the gene and the classification clarity are guaranteed.
From the two plant categories to analyze: Arabidopsis and poplar, the former gene fragment is more similar and more discriminating. As shown in Figure 9 , in the Arabidopsis gene fragment, the gene fragment A+G was studied together for better stability. Moreover, the content of sub-bases in Arabidopsis is more obvious and can be used for subsequent research on plant genes in biology. Further research found that after DATA6 data was removed, the error did not exceed 0.03%, and the clustering effect was better.
D. VERIFICATION EXPERIMENT
To verify the effectiveness of cluster analysis using the C+G content in Arabidopsis genes. In this paper, another set of Arabidopsis gene fragments was selected for validation. From the 700 gene fragments of the above study, 420 bases were randomly selected. The results are shown in Table 4 below:
Base frequency clustering experiments and validation experiments will affect the frequency of base occurrence because of the number of samples selected. In the two experi- ments, the percentage of A+G bases in the total base number is shown in Table 5 .
In order to further illustrate the clustering effect, 420 kinds of bases were sorted out, and the proportion of bases C, G, C + G in the experiment was verified as shown in Table 5 above. According to the data in Table 5 , the total percentage of base A + G in 420 groups of Arabidopsis was lower than that in 700 groups of base data, and the stability was better than that of the latter. This also shows that the number of data in the base validation test will have an impact on the experimental results. The concrete manifestation is:
(1) The comparison of the content of three bases found that (C+G) % of the fold line has the least volatility, with better stability and relatively small relative error, which can be used to classify plant genes better.
(2) The final results of 420 base tests and 700 base frequency clustering tests show that the larger the amount of data, the smaller the error, the more specific genetic categories can be clustered.
V. CONCLUSION
Forest trees provide a large amount of biomass materials and energy. However, the growth cycle of forest trees is usually long and the genomes carried are relatively large. Research and regulation of forest growth and development at the molecular level has become a new trend in the development of forest biotechnology. Considering the limitations of the materials in the actual study, the molecular genomes of Arabidopsis thaliana and poplar, which are relatively fastgrowing, relatively small genome pairs, and relatively easy to conduct molecular biological experiments, were selected. Based on the background of the Internet of Things, the following conclusions were finally obtained:
(1) Considering the diversity and disorder of base species in each plant gene fragment. Each species is essentially a big data problem. The paper proposes to use the Internet of Things platform to store and visualize forest molecular genomic data. The forest tree gene data collection system mainly needs to record a series of data such as transcription factors, number of bases, base types, arrangement order, plant hormones, and protein domain data. At the same time, in order to study the relationship between genes and plant attributes, it is necessary to collect environmental data of forest growth by means of sensors, such as air humidity, soil temperature, wind direction, and light radiation. Through the research on the mechanism and value of data storage and visualization of forest molecular genes based on the Internet of Things platform, this application has played an important role in promoting the research progress of forest molecular genomes.
(2) Randomly select the ten-segment gene segments of Arabidopsis and poplar, each of which contains 700 bases, and cluster according to the frequency of occurrence of bases of each gene sequence. It is found that the proportion of single base C cannot be used as a criterion for cluster analysis in forest trees. The proportion of the gene C+G as a whole can more clearly show the genetic differences between the two types of plants, and can more comprehensively cover the genetic information contained in the Arabidopsis and poplar gene fragments. Compared with poplar, Arabidopsis has higher and more similar gene fragments. Therefore, it can be used as a research object of plant genes in biology, and the experimental precision is high, and the error does not exceed 0.03%. In order to verify the validity of cluster analysis using C+G content in Arabidopsis thaliana gene, another set of 420-base Arabidopsis gene fragments was selected for verification. Finally, comparing the contents of the three bases, it is found that (C+G) % has the smallest volatility, has better stability characteristics, and has less relative error, which can better classify plant genes, indicating bases. The final effect of the 420-base validation test and the 700-base base frequency clustering test shows that the larger the amount of data, the smaller the error, and the more specific gene types can be clustered. VOLUME 6, 2018 This paper mainly discusses the establishment process of the tree molecular gene system platform under the background of the Internet of things, and studies the molecular genome of Arabidopsis, combining the characteristics of the tree itself and using the diversity of the frequency of different bases in the gene fragment to cluster the tree molecular genome. It provides a new idea for the study of molecular biology. YUCHENG WANG received the B.S., M.S., and Ph.D. degrees from Northeast Forestry University. He is currently a Professor with Northeast Forestry University. He has authored over 37 papers, edited one monograph, and holds two authorized patents. His research interests include plant genetic breeding and genomics.
